. Native and modified lipid compositions. Lipid compositions of native (healthy) and modified (diseased, EAE) cytoplasmic myelin sheaths (see (1) 
Supporting Information 1: Molecular details and environmental conditions regulating lipids' mesophase
Many molecular details affect how lipids pack into specific mesophase including headgroup area, headgroup charge, hydrocarbon chain length, and the degree of hydrocarbon chain saturation. A parameter that leads to hydrocarbon chain expansion, relative to that of the headgroup area, favors formation of inverted structures (2) . Double hydrocarbon chain lipids with small headgroups areas, such as phosphatidylethanolamine (PE), form inverted hexagonal phases. Negatively charged headgroup lipids (e.g., phosphatidylserine, PS), together with divalent salts (e.g., calcium ions), or double hydrocarbon chain lipids with large headgroup areas (e.g., phosphatidylcholine, PC) favor lamellar phases (3) .
Myelin membrane are composed of four different lipid headgroups and cholesterol. In addition, each of the naturally derived lipid type is a mixture of few lipid tails length and saturation degree. This makes the natural system far richer and more complex than most in vitro lipid systems studied to date. Nonetheless, in other lipid based coexisting self-assembled phases, entropy drove the system to mixing while selfenergy to (in most cases) lipids segregation. The relation between the lipid type and the resulted mesophase can explain, in the context of myelin sheaths, why changing the lipid composition leads to structural phase transition (2, (4) (5) (6) (7) (8) (9) . Elevated buffer salinity results in further screening of the electrostatic interaction between the charged lipids, hence reducing the water layer thickness between them (10) (11) (12) . This, by itself, changes the membrane flexibility. The effect of divalent ions on membranes self-assembly is quite complicated, and often ion specific. For example, calcium and magnesium ions tend to bind to the lipid headgroups (3). Hydration is also a strong factor affecting lipid self-assembly. Large and strongly hydrated headgroups tend to flatten the membrane and stabilized the lamellar phase (2).
In our results, as can be shown in the cryo-TEM images, the "dense" lamellar phase and "normal" lamellar phase can be part of the same lipid multilamellar vesicles (Fig.  3) . Therefore, physical separation between the two is extremely challenging. However, in all the results the "dense lamellar phase" always coexists with the inverted hexagonal phase, and once appears, it is rather constant regardless of the buffer conditions, and contains about 10-15 Å water layer thickness.
Temperature also affects the lipid self-assembly structures. At higher temperatures the contribution of the entropy to the free energy becomes increasingly important. This favors the HII phase in which the fluctuations of the hydrocarbon chains are larger than in the La phase.
The lamellar to inverted hexagonal phase transition driving force is the tendency of the monolayers to bend away from a planar configuration. Usually, this occurs as a result of the imbalance developing in the lateral stresses between the headgroups and hydrocarbon chains. If the lateral pressure of the hydrocarbon chains overcomes that of the headgroups, the monolayer tends to form negative curvature by bending towards the headgroups. In that case the system can lower its free energy by making a transition into the HII phase. Modified and native lipid compositions with 150 mM NaCl (black curve) and 150 mM KCl (red curve), for clarity of representation the scattering patterns are shifted in the intensity-axis. In the modified lipid composition (A), the characteristic correlation peaks are indexed to HII (purple arrows) coexisting with Lα (black and red arrows for sodium and potassium, respectively). In the native lipid composition (B), Lα is indexed (black and red arrows for sodium and potassium, respectively). In addition, in the native lipid composition the lamellar phase with potassium has additional correlation peaks (magenta and gray arrows) that we can index to the cholesterol crystalline domains and the dense lamellar phase. (C, D) Modified and native lipid compositions with 2 mM ZnCl2 (black curves), 2 mM CaCl2 (red curves) and 2 mM MgCl2 (blue curves). For clarity of presentation, the scattering patterns are shifted in the intensityaxis. The characteristic correlation peaks are indexed to HII (purple arrows) coexisting with the Lα (black, red and blue arrows for zinc, calcium and magnesium, respectively). In addition to the La in ZnCl2 there are also correlation peaks that we can index to a dense lamellar phase (green arrows). Few additional weak correlation peaks can be noticed in the raw-data (cyan arrowhead), which we are unable to assign due to lack of higher harmonics. unit cell lengths ( " ). The black arrows mark the lamellar correlation peaks ( $ ), and the red arrows point to the lamellar dense phase ( % ). The green arrows mark the cholesterol correlation peaks.
Supporting Information 2: Inclusion of myelin basic protein (MBP)
The myelin sheath is a complicated biological system with multiple lipids and proteins. The most abundant protein, myelin basic protein (MBP), is believed to serve as an electrostatic "glue" and adhere the two cytoplasmic membranes' leaflets together (13) (14) (15) . MBP is positively charged protein, which we already showed to affect the lipids' self-assembly and the phase transition (4). It was shown that the addition of moderate to high MBP concertation to modified lipid composition abolishes the inverted hexagonal phase and flattens the membrane.
We find that at high and low salt concentrations, the addition of MBP content results in the appearance of an additional coexisting lamellar phase with a unit cell spacing of &'( ~ 90 Å. This leaves a water layer thickness of about 40 Å, which is compatible to the size of MBP when bound the membranes (4, (16) (17) (18) (19) . At high salt this phase appears only at high MBP content.
Importantly, the dominant dense lamellar phase ( % ) has the same unit cell length regardless of MBP concentration (black, red and blue arrows in Fig. S4A and B, and red squares in Fig. 1 ). In the presence of 15 wt % MBP and high monovalent salt (500 mM NaCl or 500 mM KCl) there are no major differences between the native and modified lipid compositions Fig. S4A and B, Fig. 1 ). Both result in two lamellar phases ( % and &'( ). The additional lamellar phase in the NaCl case (orange arrows in Fig. S4A , and B) are found with unit cell length of &'( = 96 Å for both lipid compositions (orange squares in Fig. 1 ). For the modified lipid composition with KCl it is found to be &'( = 90 Å. This results in a leaflet-to-leaflet spacing ( * ) of 46 Å and 40 Å. Moreover, for the modified lipid composition for both ion-types and the native lipid composition with KCl, the presence of MBP diminish the inverted hexagonal phase, even at low MBP content (2 wt%), as in the case of the physiological buffer condition (4).
As with the monovalent salt, we find no major differences between the native and modified lipid compositions with MBP at low (1 mM) and high (15 mM) CaCl2 (Fig. S4  C and D, Fig. 2A and B) . Nonetheless, at high salt the inverted hexagonal phase persists also with MBP inclusion, but its correlation peaks intensities are very low. The unit cell spacing of the HII phase, is reduced upon the inclusion of MBP, although the correlation peaks for the hexagonal phase are weaker with MBP presence (even at low MBP content). In the low salt case, the inverted hexagonal diminishes at high MBP content. For both lipid compositions and all MBP concentration, the dense lamellar phase ( % ) hardly changes with MBP inclusion (Fig. S4 C and D , black, red and blue arrows, and Fig. 2 A and B, red squares) . For both lipid compositions, an additional La phase ( &'( ) appears, but for the high salt concentration it appears only at high MBP concentration (orange arrows in Fig. S4 C and D, and orange squares in Fig. 2 A and B) with unit cell length of about 88 Å. For the low salt concentration this phase appears at lower MBP content (2 wt%) with smaller spacing (82 Å). This suggests that MBP further compacts the membrane in the presence of CaCl2. In addition, we find that the weak correlation bumps at about 58 Å are a bit more prominent with the addition of MBP (green arrowheads in Fig. S4 C and D) . Additional weak correlation bumps that we are unable to index are marked in cyan arrowheads.
The presence of MBP with low (2 mM) and high (15 mM) ZnCl2 (Fig. 2 C and D) continue to show the dense lamellar phase (in both low and high MBP concentration) and an additional lamellar phase with spacing of &'( about 80 Å for the low salt concentration and about 95 Å for the high salt concentration can be seen. Again, this new phase appears at low (2 wt%) MBP content for low salt concentration but for the high concentration case only at high MBP content (15 wt%). For both lipid compositions, the inclusion of MBP is correlated with the disappearance of the inverted hexagonal phase.
Similar to the previous cases, the presence of MBP with low (2 mM) and high (15 mM) MgCl2 (Fig. S4 E and F, and Fig. 2 E and F) show the dense lamellar phase (in both low and high MBP concentration) and an additional lamellar phase with spacing (in high MBP content) of &'( ~ 90 Å (Fig. S5 and Fig. 3) , and for the low salt concentration this phase appears to be smaller with spacing of 83 Å. However, here there is a clear difference between the native and modified lipid compositions in term of the inverted hexagonal phase in high salt concentration. The HII phase swells a bit in the presence of MBP and does not abolish or reduced even at high MBP content (15 wt%). In contrast, the hexagonal phase vanishes in the native lipid composition with the addition of MBP at low MBP content (2 wt%).
In summary, we find that the addition of high MBP content to both lipid compositions results in an additional lamellar phase with spacing of &'( ~ 90 Å, irrespective of the ion-type at high salt. In the presence of high MBP content, the water layer compacts to * ∼ 40 Å. MBP dimensions were found to be 55 X 47 X 40 Å 3 when bound to membranes (20) . Therefore, these spacings are sufficient to include the protein within the water layer. The addition of MBP, in most cases, shows minor changes between the native and modified lipid compositions that competes with the hexagonal phase. Further investigation of the exact MBP interaction to the membrane and ion-type will be discussed in future communications. ( &'( , orange arrow), and inverted hexagonal phase ( " , purple and wine arrows). Few additional weak correlation peaks can be notice in the raw-data (cyan, and magenta arrowheads) that we are unable to assign due to lack of higher harmonics. The cholesterol correlation peaks are indexed in green arrowheads. 
Supporting Information 4: Materials and methods
Sample preparation-Phosphatidylserine (porcine brain PS), sphingomyelin (porcine brain SM), phosphatidylcholine (porcine brain PC), phosphatidylethanolamine (porcine brain PE), and cholesterol (from ovine wool), all of purity >99%, were purchased from Avanti Polar Lipids, and were used without further purification. The lipids at desired mol ratios (Table S1 ), were mixed in chloroform, and evaporated under reduced pressure (5 mbar) in a Buchi rotary evaporator vacuum system (Flawil, Switzerland). The resulting lipid film was resuspended in a 10 mM ammonium bicarbonate solution, lyophilized, and subsequently hydrated in different assembly buffers: 10 mM MOPS, 2mM CaCl2 and 0 -500 mM NaCl/KCl for the monovalent salt experiments, and 10 mM MOPS, 150mM NaCl and 0 -15 mM CaCl2/MgCl2/ZnCl2 for the divalent salt experiments. Bovine myelin basic protein (MBP) powder was purchased from Sigma and was used without further purification. The poweder was dissolved in the same assembly buffer as the lipid compositions; its concentration was determined by measuring its absorption at 280 nm (NanoDrop 2000 spectrophotometer, Thermo Scientific). The MBP solution (20 mg/ml) was added to 50 μl of the MLV stock solution (20 mg/ml) to the desired MBP wt%.
SAXS measurements and analysis-
The solution was well mixed and 50 μl transferred to 1.5 mm quartz capillaries (Hilgenberg-GMBH), and centrifuged at 8000 rpm for 90 minutes. That resulted in a phase-separated pellet at the bottom of the capillary and excess buffer on top. The capillaries were flame-sealed and glued to prevent solution evaporation. Preliminary small-angle X-ray scattering (SAXS) experiments were carried out in home-built apparatus with a Cu ( = 1.54 Å) tube source (Xenocs), Pilatus 300K detector (Dectris), about 1 meter sample-to-detector distance, and a scatter-less slit set-up (21) . Synchrotron measurements at room temperature and at elevated temperatures were performed at Diamond Light Source I22 (1.24 Å) and Max-Lab I911 SAXS (0.91 Å) beam lines. The 2D diffraction data were radially integrated, using data reduction software (SAXSi) developed in our lab. The full scattering intensity curves were analyzed using the X+ software (22) .
Cryo-TEM imaging and analysis-Cryo-TEM samples were prepared using a Controlled Environment Vitrification System (CEVS) as described by Bellare et al. (23, 24) , at 25°C and 100% relative humidity, to prevent evaporation from the specimen. Samples (3-4 μl) were placed on plasma-etched carbon-coated perforated polymer film, supported on a 200-mesh TEM grid. Most of the liquid was then blotted away to obtain a thin film, and the specimens were vitrified by quickly plunging into liquid ethane at its freezing point. The cryo-specimens were kept in liquid nitrogen before transfer to TEM. The vitrified specimens were loaded into a Gatan 626 cryo-holder maintained at 93 K and then transferred to a TEM, either an FEI Tecnai T12 G 2 TEM operating at 120 kV, or an FEI Talos 200C, FEG-equipped cryo-dedicated high-resolution transmission electron microscope, operating at 200 kV. To enhance contrast, images were recorded at a defocus of ~1 μm, with a typical electron exposure of less than 20 e -/Å 2 (24, 25) .
Images on the Tecnai were recorded with a Gatan US1000 2k x 2k CCD camera, and on the Talos by an FEI Falcon II (CMOS) direct-detector camera.
